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1
The accurate prediction of orographic convective precipitation is a major meteorological 2 challenge that depends on a wide range of time and space scales as well as complex processes Observational Verification Experiment (IMPROVE, Stoelinga et al. 2003) , among others, have 11 been designed in the last decade to improve theunderstanding and prediction of orographically 12 generated precipitation. Although the analysis of datasets collected during these field campaigns 13 has dramatically advanced our understanding of moist dynamics and microphysics over complex 14 terrain (e.g., Medina et al., 2005; Rotunno and Houze, 2007) , our knowledge of coastal 15 orographic precipitation remains insufficient to satisfy societal demands for precise forecasts and 16 warnings.
17
A fundamental element that has been missing in past field experiments is nearly simultaneous Experiment (HyMeX) field campaign (Ducrocq et al. 2014) , which is dedicated to the study of 22 the water cycle in the northwestern Mediterranean basin, intends to achieve this goal and to 1 gather such basic, but hard-to-obtain, information. have thus been made to achieve comprehensive weather radar coverage. In southern France, the 8 HyMeX radar network was specifically designed to collect high quality observations of 9 thunderstorms and precipitation systems developing over and in the vicinity of the Massif Central 10 mountain chainto documentthe characteristics of the hydrometeors forming within the moist 11 upstream flow impinging on the Cevennes area.
12
Observations collected in this framework will provide for the investigation of the 13 microphysics and dynamics of mesoscale convectivesystems (MCSs)developing in this flood 14 prone area, and will be used to develop and evaluate innovative radar-based products for 15 numerical weather prediction (NWP) and hydrological applications. A description of this 16 observing network is given hereafter together with a discussion of potential research studies 17 inferred from thepreliminary analysis of radar data collected during HyMeX SOP1.
19
The HyMeX Experimental Radar network in Southern France
20
Theprecipitation observingnetwork deployed in Southern France during HyMeX (Fig. 1) 
21
consists of a combination of disdrometers and weather radars operating at S, C, X, Ku and W 22 band (a detailed description of these instruments is available in electronic supplement #1). All 1 these sensors were deployed within, a 90,000 km² domain encompassing the Rhone Valley and 2 extending northwards from the Mediterranean Sea to the Massif Central Mountains and 3 eastwards from the Massif Central to the French Alps.
4
The core of the radar network is based on a subsample of the French operational radar network 5 ARAMIS (Fig. 1a) . It comprises eight radars operating at C-and S-band, which cover the French 6 coastal Mediterranean region with an average radar baseline of 150 km, and two X-band 7 polarimetric radars deployed in the Southern Alps under the auspices of the RHYTMME project 8 (Beck and Bousquet, 2013) . During the experimental phase, additional dual-Doppler and dual-9 polarization radar coverage was also required to more explicitly resolve small-scale 10 microphysical and dynamical processesin complex terrain as well as to collect high-resolution 11 data in areas not well covered by the operational radars. Four transportable X-band scanning 12 weather radars were thus deployed at various locations of the Cevennes-Vivarais area (Fig. 1b) to 13 obtain hydrometeor type, reflectivity, and Doppler velocity measurements in both volume and 14 Range-Height Indicator (RHI) scanning mode.
15
The NOXP polarimetric Doppler radar, operated by the US National Severe Storm Laboratory
16
(NSSL), was deployed near the foothills of the Massif Central on thetop of Mt. Bouquet (600m 17 amsl). This site, located at an equal distance (~40 km) between the Bollène and Nîmes 18 operational S-band radars, was chosen to allow for high-resolution multiple Doppler analysis of 19 radar data over an area that is particularly prone to extreme flash floods (Delrieu et al. 2005) .
20
Asecond polarimetric radar, MXPOL, was deployed farther north in the vicinity of a high-
21
resolution Hpiconet network (a dense network of raingauges and disdrometers over a watershed 22 indicated by the red rectangle in Fig. 1b ). This radar, operated by Ecole Polytechnique de 1 Lausanne (EPFL, Switzerland), focused on obtaining microphysical characteristics of clouds and 2 precipitation in terms of drop size and shape distribution with an emphasis on shallow orographic 3 rain bands that develop over the Cévennes mountains.
4
Two fast scanning "conventional" radars (X1 and X2) operated by the French Laboratoire de
5
Météorologie Physique (LaMP) were also deployed in the northern part of the domain to study 6 the variability of rain at the precipitation cell scaleand at high temporal resolution (< 1min).
7
These radars were positioned at La Bombine, a site located on the Cévennes ridge at about 8 1000m AMSL and approximately 10 km away from the observed maximum climatological 9 rainfall, and at Le Chade, within the Hpiconet area, respectively.
10
The radar network was completed by radars profilers deployed throughout the area to The remaining ones were deployed at various locations along the MRR transect. TARA (Unal et al. 2012 ) is aS-band (3.298 GHz) ground-based profiling radar with flexible 1 antenna elevation, based on the frequency modulated continuous wave (FMCW) principle. The 2 TARA antenna system include three feeds: a dual-polarized on-focus feed, which is directed 3 along the axis of symmetry of the parabolic reflector (i.e., 45°), and two offset feeds that produce 4 single-polarized beams at 15° angles to the main beam to achieve three dimensional wind speed 5 measurements (additional information about TARA can be found in electronic supplement #2).
6
An example of TARA capabilities is provided in Fig. 2 using data collected during the IOP8 horizontal wind speed (Fig. 2b) , and wind direction (Fig. 2c ) allow the evolution in precipitation 9 processes to be observed for a 5-hour time period (10-15 UTC),and provide the ability to 10 highlight differences between precipitation and cloud areas during the passage of a frontal ice water content, ice particle density and effective radius (Delanoë et al. 2007 ). Examples of 6 RASTA observations obtained during IOP 8 are shown in Fig.3 .
7
All in all, TARA can monitor the temporal evolution of cloud processes by observing the same 8 atmospheric column at high temporal resolution, while RASTA can be used to provide accurate 9 spatial distribution of such processes over the a larger area of interest. This complementarity shall 10 be investigated in the near future by using RASTA data collected during the numerous passages 11 of the F20 aircraft over TARA (e.g., Fig. 3e ).
13
Retrieval of Rainfall Drop Size Distributions
14
The disdrometer network was deployed to monitor the variability of DSD at ground level, as 15 well as to provide relevant information for both polarimetric radar data interpretation and radar 16 rainfall estimation assessment. Collected DSD data can be used to evaluate the performance of 17 radar based DSD retrieval algorithms as well as to establish local power laws adapted to the
18
Cevennes area for the interpretation of radar observations. This potential is illustrated in Fig. 4 19 which shows the temporal evolution of the rainfall rate, total drop concentration and median variables of interest (e.g., rain intensity), and between cloud microphysics and lightning activity 10 (see below). In this regard, a particular emphasis was put on the evaluation and improvement of 11 hydrometeor classification algorithms at X,-C-, and S-band frequencies. series of hydrometeor species retrieved from the two radars by steps of 5 minutes (Fig 5c-d ) are 1 also generally in good agreement although some dissimilarity could be observed around 14 UTC.
2
In order to better quantify the performance of this, or other, HID algorithms, statistical studies 3 and systematic comparisons with in-situ (FSSP-100, PIP, 2-DS) data will be conducted using 4 flight level data collected during all F20 missions flown over France.Detailed radar 5 intercomparisons will also be reinforced and expanded by taking the research polarimetric X-6 band radars NO-XP and MXPOL into account in the analysis. (Bousquet et al. 2007 (Bousquet et al. , 2008a . In 12 preparation for the field phase of HyMeX, this analysis was tested over regions of complex 13 terrain of Southern France (Beck and Bousquet, 2013) before being eventually extended to the 14 entire French radar network so as to produce a nationwide, 3D reflectivity and wind field mosaic 15 (Bousquet and Tabary, 2014) . During the HyMeX field phase, a special version of this radar up to 12 km amsl. In the near future, these high quality wind fields will be further improved by 5 taking into account research radar data collected during SOP1 into the analysis. In addition to 6 providing insights about the dynamics of MCSs sampled during HyMeX, MDW will also be used 7 to assess (and eventually correct) numerical model forecasts through identifying possible 8 temporal or spatial phase shifts in model outputs (e.g., Beck et al., 2014 , Bousquet et al. 2008b ).
9
The HyMeX field campaign also represents a unique opportunity to compare MDW fields As it is believed that lightning frequency is proportional to the product of the downward mass 7 flux of graupels and of the upward mass flux of ice crystals (Deierling et al. 2008 14 An example of observed and simulated polarimetric variables is shown in Fig. 10 for the 15 IOP6 bow echo system. According to observed (Fig. 10a , c, e) and simulated (Fig. 10b, Radar refractivity measurements consist in using the signal returned by ground clutter to 5 estimate the refractive index, which is related to surface pressure, temperature, and especially the 6 humidity (Fabry et al. 1997 ). These observations represent a unique dataset that can be used to 7 map the distribution of low-level moisture, a key parameter for understanding convection 8 initiation and evolution .
The HyMeX campaign was chosen as a test bed for real-time refractivity retrievals by the , 2012) , and then applied to three 13 operational S-band radars (Nîmes, Bollène, and Opoul) located in southern France (Fig. 1a) .
14 Refractivity retrievals were evaluated through comparisons with automatic weather stations ( Fig.   15 11) as well as NWP outputs using the observation operator described by Caumont et al. (2013) .
16
The good agreement between radar-measured, observed, and model-simulated refractivity,
17
demonstrate the ability to achieve real-time, accurate, low-level refractivity measurements from 18 non coherent weather radars and definitely paves the way for assimilating radar refractivity 19 measurements in convection-permitting NWP models. and educational outreach activities. The use and dissemination of these data and products are 10 encouraged by all radar scientists to foster collaborations and discussions between international 11 research teams from all over the world.
21
Summary and Outlooks
12
The HyMeX 10-year concerted experimental effort, which has brought together more than 13 400 scientists from all over the world, will last till 2020 (Drobinski et al. 2014) . Although no new 14 field phase is expected at the moment, the HyMeX database will continue to be regularly 15 enhanced with new observations from operational weather services and local field experiments.
16
Collaborations and discussions between scientists will also continue under the auspices of the 17 HyMeX international workshop series, which is being organized every year since 2007.
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